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Recently, Candida antarctica lipase B (CalB) draws attention from industries for various applications for food, detergent, fine
chemical, and biodiesel, because of its characteristics as an efficient biocatalyst. Since many industrial processes carry out in
organic solvent and at high temperature, CalB, which is stable under harsh condition, is in demand from many industries. In
order to reform CalB promptly, the expression system which has advantages of ease to use and low cost for gene libraries
screening was developed using E. coli. The E. coli strains, Rosettagami with competence for enhanced disulfide bond
formation, Novablue, and DH5a, were exploited in this study. To obtain the soluble CalB, the pCold | vector expressing the
cloned gene at 15T and the chaperone plasmids containing groES/groEL, groES/groEL/tig, tig, dnaK/dnaJ/grpE, and
dnaK/dnaJ/grpE/groES/groEL were used for coexpression of CalB and chaperones. The colonies expressing functional lipase
were selected by employing the halo plate containing 1% tributyrin, and the CalB expression was confirmed by SDS-PAGE.
E. coli Rosettagami and DH5a harbouring groES/groEL chaperones were able to express soluble CalB effectively. From a
facilitative point of view, E. coli DH5a is more suitable for further mutation study.
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H pCold plasmid$} chaperone plasmidE FA|o| ARE3lS] E.
colidX19] CalBe] WA 1S =31 T)
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CalBo| LA 2E 755 fla] SFAER E coli®] H3E
A FHAHE #F52 DHSq, °lFHETY Aol At
Rosettagami, %2 F2A7% 587 =9H 3k 44l
=< Novablue7} AHEEQITHTable 1) (13-14). ¥+ Luria
Bertani B X]ol| A AEE|Y7]|E AE-3Fe] 180 rpm, 37°C oA
12~16A17F &<t 71941 "t} CalB7} A Z3E pCold 1
vector2 & Zo] A% FFE ampicillin (Sigma aldrich, USA)
50 ng/mlE gk viA] A B YSlal chaperone & T2
749-ol = chloramphenicol (Sigma aldrich, USA) 34 pg/mlS
A7kt &, 2 21 ARG wlgs sk Al =F
% pCold T vector$} chaperone vector’} E5F THE I+
ampicillin, chloramphenicol Z}Z} 50 pg/ml, 34 pg/mlE &
sk iAo A wjFstt) CalBe HEAS HEiA AxF dF=
37ColA 0.Dew®l 04~0.6° 2 wW7A gt F 1 mM
IPTGE A7Fetal 24417F 53t 15°Coll A wf kgt

Table 1. Genotype of the host cells

Strain Genotype

A(ara-leu)7697 AlacX74 AphoA Pvull phoR araD139
Rosettagami  ahpC galE galK rpsL F’[lac+ lacl! pr 0]gor522::Tn10
rxB pRARE (Cam", Kan®, StrX, Tet")

endAl hsdR17(tg;;’ mgi2") supE44 thi'l recAl
gyrA96 relAl lacF’[proA'B” lacl"ZAM15::Tn10]
(Tet*)

F-080lacZAM15 A(lacZY A-argF) U169 recAl
DHS5a endAl hsdR17 (v, my') phoA supEA4\ thil gyrA96
relAl

Novablue

Vectore} chaperone plasmid

Cold shock @8 FE=3}= cspA (Cold Shock Protein)
F+724}9} cspA promotor, 5° UTR, cspA Tl N T
FEdle RES ¥t Qe 4407 bp =719 pCold 1
(Takara, Japan)= CalB & vectorZ ARE-5}9ItK15). Chaperone
S WS 98] Takara (Japan)Ahe] pG-KIES, pGro7, pKIE7,
pG-Tf2, pTfl6 plasmidES AHE-31% 1
EA2 Table 29} 2TH16).

Z} chaperone plasmid<]

CaB R¥A 5 ¥ &

CaB 37 (1023 bp)E FH37] fair TFaL A

-]
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-8 (Polymerase chain reaction, PCR)& ©]-8-3}3th T3
A ur3-7]+= Corbett Research CG1-96 (Australia)S ©]-&
5135 Solgent/\} (Korea) 2] Taq DNA Polymerase kite} Pst I
primer (AAT CTG CAG TCA GGG GGT GAC GAT), Sac I
primer (AAT GAG CTC CTA CCT TCC GGT TCG)E A3}
Stk A3A3E CalB Ak A= gel extraction kit (Bioprogen,
Korea)E ©|-&3}%th

b=

Table 2. Features of chaperone plasmids

Chaperone Resistant ~ Size
Plasmid Chaperone Promoter Inducer marker  (kb)
pG-KJES dnaK-dnaJ-grpE araB  L-Arabinose Cm 11

groES-groEL Pztl
pGro7 groES-groEL araB
pKIJE7 dnaK-dnaJ-grpE araB
pG-Tf2  groES-groEL-tig Pztl
pTfl6 tig araB

Tetracyclin

L-Arabinose Cm 54
L-Arabinose Cm 72
Tetracyclin Cm 8.3
L-Arabinose Cm 5.0

CalB EAME #F M4

PCR A2H=3} pCold 1 vectorS 742} Pst I (New England
Biolabs, USA)¥} Sac I (New England Biolabs, USA)2. 2 *]Z]
3l 3 DNA Ligation kit Ver2.1 (Takara, Japan)S A}&-3}<]
CalB7} Az plasmidE A3t A k. FHE competent
cell?} &3t &, ampicilline 33+ LB agar platecl]A] 32
o] Z3E colonyE AEslFth AEE colonyE LBH|A] oA
HjoF&+ ¥ Cosmo genetechAl (Korea)olAl U2 Labo pass’™”
Mini kitE AFE-3lY plasmidE FAIsIAH FAE plasmid=
Pst I3} Sac 102 AHEe &, A/|FdsHe 53 FAHES
gtk

Chaperone2| 3Zl& gt

TFEE competent cellS A|Z3}e] chaperone plasmid}
3+et &, chloramphenicol®] X 3H%E LB agar platecl|A] HJ %
3 ¥ = colony:= chloramphenicolS -3+ LBH]X| | A
&t M7 TS B3 FHEHES Ak

Z o rl

CalB2l chaperone 35 YT A&

DH5a9] 7, 9A CalB7} AZYE plasmidZ2 FAS A
SN B ampicilling T3 wjRA oA AES B ksl
Az plasmidE E3}ete FAASE AEZE A oA
competent cellS A|Z3}S chaperone plasmidE &2 3HA|
Z1t}. Chloramphenicol®} ampicilling ¥ 3Fsl= agar plate©]A]
sl A Z3H vector$} chaperones X gs= #FE &
=t} Rosettagami®} Novablued] 7ol o9} wiZ WA
chaperone plasmidE T =273 chloramphenicol 7H-S-
Xl A olA HEE wdS & 9A] competent cell S
Azste] ANZF vectors FAX3HAIF]AL chloramphenicol 7
ampicilline X3}k viR|o|A viFsle] T 71A]9] plasmid7}
FAAEE sTHAEE deth

Halo plateE 0|&%t CalB & &l

1%9] tributyrin (Sigma aldrich, USA)S ¥33l= LB agar
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plateol| A T2 vjt3SIt) pGro7, pTfl6 183l pKIE77F =
H #F= 1 mgml L-arabinoseE F7FAAFIL, pG-Tf2<]
749-9= 5 ng/ml tetracyclineS E3A|AHT1, pG-KIE8S] 745
o= 1 mg/ml L-arabinose®} 5 ng/ml tetracyclineS F7}3+t}.
37ColA colonyE BYSH &, 1 mM IPTG (Fluka, Switzerland)
& AME-31 inductionS AAISFAL 15T ellA] 24417 v gt
CalBS] &S halo®] AAPAFE A2 FRIgh)

SDS-PAGEE 0|&%} CalB &3 &l

ANZZ FFE 15TolA 24417 v|93E 5, Homogenizer (IKA,
Germany)E ©|-83t AEE shfgich A4S & A5
£ centrifugal filter device (Millipore, USA)E ]85} soluble
MES F55a PAEL insoluble MEZ A3} wld
A719%7] (Bio-tad, USA)E ©]-8¢+ SDS-PAGE (separation gel
12%, stacking gel 4%)E AF&-3l] CalBo] WS IS4

A 2 1y

CalB A =&} Plasmid &}©l

Cal B +72%}9} pCold I vector®] AZ% plasmidZ 2 o]
AgtE DH5aE5E plasmidE AA|3}L Pst 13} Sac [0E
Agg & DNA H7|95S &3 <IstAthFig. 1). Marker
DNA (pBR322 DNA BstN I Digest, New England Biolabs,
USA)S A&3ke] 1058bp2t 929bp band F3+o] A3+ CalB
FAAE &5ttt B2 marker DNA (Lambda DNA Hind
Il Digest, New England Biolabs, USA)S ©]&3}e] pCold I
vector?] EAE EsAT]

pCold I

2322bp
1058bp ol B
al

929bp

Figure 1. Gel electrophoresis of recombinant pCold plasmid containing
Cal B (1% agarose gel).

CalB2l chaperone2 3T Ydste #F M%H

DH5a°] AZ3 vectoret Z+ 2] chaperoneES &3}
2 FAASAZ F, plasmid FAFHE AZ BHEES
71955 B3l &215HthFig. 2). Chaperone plasmid®] &
o] glo] pCold AZF plasmid?He FAAEAZ AHE
PKIE7, pGro7, pG-KJES, pTfl6, pG-Tf29} A|Z3} pCold plasmid
S 247} FAHEAZ AL vlwstgeh CalBE LEske Al
3 plasmid?HS FAAFAIZ 759} Bl EH chaperone©]
& FAHEH TF)A chaperone plasmide] EAE &<l
4 & band”7} A= AT pGro72] ¢ AZF pCold

]

o fo

e ol N

plasmid®} Z7)7} 5400 bp AT HIEE 7S AT QLo
Fig. 2¢1X< pGro7¢] &A1 AT F7} gldch

pCold
Recombinant
vector

Figure 2. Gel electrophoresis of E. coli DH5a transformed by the
recombinant pCold plasmid and 5 different chaperone plasmids (1%
agarose gel) : D pCold recombinant plasmid, @ pCold recombinant
plasmid + pKJE7, @ pCold recombinant plasmid + pGro7, @ pCold
recombinant plasmid + pG-KJE8, ® pCold recombinant plasmid +
pTf16, ® pCold recombinant plasmid + pG-Tf2.

A2 pCold plasmid9} pGro78] 3% FZAAES 2Hols}7)
A3l Agai AHYE AT F 17195 S B FglE 2
AtHFig. 3). AZF pCold plasmid®} pGro7S A|THE A Pst
17 Sac 122 7}7} X3t A7E A|Z=F pCold plasmid2}
pGro7°] &% JAHZHE FFoA HAE plasmidES Ak
F4 Pst 13} Sac 192 AT ste] HlwIAk 259 plasmid
Zyzy BEsle Adaiz A3k 3o Yehy= bandE
A2 pCold plasmid®} pGro7°] 2& FAXEE dF
A AR plasmidE AgraLZE At Fo] YRS bandE
o] LT AN #HZHE nl, pGro79] FAASE 1T
4 Atk T AFLS B3 CcalB7t AZFH pCold plasmid
9} 5%9] chaperone plasmid7} Ztz} FRAHZE 559 A57}
ALE ASE A3

BT

4361b

P
1857bp

2322bp
2027bp 1058bp
929bp

Figure 3. The results of restriction enzyme digestion of the
recombinant pCold plasmid and pGro7 from E. coli DH5a (1% agarose
gel) : O marker, @ pCold recombinant plasmid (Pst I and Sac I),
@ pGro7 (Pst I and Sac I), @ pCold recombinant plasmid + pGro7
(Pst 1 and Sac I), ©® marker.

Halo plateE 0|&%8t CalB 2t3 &0l
Halo= CalB7} &) =WA halo plate®] ¥ trybutyrinS:
TF7F BasEs A71e 4O colonye] F9lo BAEE
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halo®] #%-< 2715 Hlasly @59 CalB IdS FQlst
9t} Halo plate 2843} CalB7} =4 3%F9] E coli AZ
FHtFolA EF CalB7b 2EHE AS % F7h Ao,
CalB$} 5%2] chaperone plasmidS 3% FAAGAZ] A=
Table 322 A2]3}ATh Table 32 Z}7ke] 5o t3] halo
3715 vlug AOZ groES/groEL F3AE 7HAR e
pGro7& =93 757} Y2 chaperone plasmidS =3 o
Foll Bl halo®] =77} AA o2 A YEls o™, DH5a
9} Rosettagami”} Novablueol] H|3| halod] Z7]7} Aoz
A vegth 283 tig FAAES A JE pTfleS &
A3t 3%} AZRF dFoIM EF halorh BEEHA0, YA
JE FFoIME halo} A A
UAY o}F mmgk F£FEo2 FEFHUY Fg 4= AZH
pCold plasmid®} pGro7< FE22 WAl DHSaol thsf
halo plateoA] CalB2] &&-& 213k Aol

chaperone plasmidE 7} 1

Table 3. Halo comparison of the cells co-expressing Cal B and
chaperone

Strain DH5a

Chaperone Rosettagami ~ Novablue
pKIE7 + + -
pGro7 ++++ e+t ++

pG-KJE8 - + -
pTfl6 +++ ++ +++
pG-Tf2 - - -

(++++ : very large, +++ : large, ++ : visible, + : slightly visible, - :
not observed)

Figure 4. The halo plate test of E. coli DH5a having the recombinant
pCold plasmid and pGro7 (incubation at 15C for 24 hour).

SDS-PAGEE 0|8%! CalB &3 20l

Halo 48235 ZAZ groES/groEL FAAE 71X 9l
+© pGro7 plasmid$} =3 pCold I plasmidE 741 U=
3% 5| U3l SDS-PAGES ©]43}4] CalBY] Wd o
2E2 #9159tk Rosettagamiold  AA] wd  HEZyl
soluble 2 insoluble AZo]A X5 CalBe] HdS Fldd &

= 33 kDa%llA] bandE A} THFig. 5). Novablued A=
AA gd AZ3) insoluble AZA T 33 kDaollA] band
g ERIF & ANUThFig. 6). Novabluel A= groES/groEL
FAAE 7T ol% solubledt FEfS] CalB &o] o]d

Korean J. Biotechnol. Bioeng., Vol. 23, No. 5

g1 B 4= 9lth DH5a= Rosettagami®} 2-©] soluble sample
o] A 33 kDaQ] bandE AT 4 JATKFig. 7).
= 5ol 359 ﬁ—r°ﬂ7‘1 27 yEA e CaBE X3

%% 315190, groES/groELe] FAld WE ==
Rosettagami®} DHS5aol| A solubled HE|2] CalB7}
BE R o)A AAde] 4slE Rosettagami”}
MY o]FIATS /A ' CalBY T o A3e 3
olg} dlstl o, DH5ast Blulsl & tol= HolA| &gl
w2} Rosettagami®} DH5a7} S5 solubledt FEj2] CalB wH&
of Agg dFeta & 7 Aok

21} Rosettagamil} Novablue®] 7-$-ol= colony”’} &4
& AlZre] DH5edl HIs| 50% ol ZA ZElu; E coli®] Wi
29l <l DH5a9] 7% ME7} w24 #2} LB agar plate
oll4 colony = ‘33/‘3%& "]ZJ'OI Fol & el v Huol
Solsla FH QA HFo|t}. H3F Rosettagamitt Novablue=
chaperone 327} =Y Zof| CalB F3A7} =9E A%
ARt Az #FE 4 77 NS, DH5aS] 735 CalBS
chaperone fAke] =l AHglo]l AT dFE DS
F7F AATh AEAHOZ groES/groELY] FA WHES Fa
soluble¥ CalB2] 'W&o] 7hsahH, Al&slar QP o7 Azt
2] Aol 71t DH5a7t CalBY] HA|~H 50 O
a&Folgta & & itk

_o|£
X9, ru>

s b B

rr

°ﬂ

1 on
[o

75kDa

50kDa

37kDa Cal B
(Soluble)

25kDa

Figure 5. SDS-PAGE analysis results of Rosettagami having the
recombinant pCold plasmid and pGro7 (T: total, S: soluble, I: insoluble).

75kDa

50kDa

37kDa Cal B
(Soluble)

25kDa

Figure 6. SDS-PAGE analysis results of Novablue having the
recombinant pCold plasmid and pGro7 (T: total, S: soluble, I: insoluble).
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75kDa

Cal B
(Soluble)

Figure 7. SDS-PAGE analysis results of E. coli DH5a having the
recombinant pCold plasmid and pGro7 (T: total, S: soluble, I: insoluble).

2 o

£ AoMe Al 2F 3-80] FLHA olFofRa 3,
oY FHE A 542 Candida antarctica®lX] 2% lipase
B (CaB)®] 41&3 AE 98 FFol &0l E colig ©8
sto] CalB HAA2HE FEIAS E coli T A LF A
BAZEE AYA Z3le WEAE A s AU
10], solublest Hefe] CalB BAS flal] A Lol 7lsdt
pCold I vector®} Tl H3S Zo5= chaperones AME-
3ty CalBE 233tk Liu 5(17)2 E. coli Origami2$} B,
12]3 DH5aE A3 23, Origami ol ATH CalBol| <]t
halo®] &ge] #AFHNOY, & AFolMe HA% 3% o
¢} 5% 9] chaperone plasmidZ Rosettagami$} DH5a ] 4]
groES/groEL chaperone®] CalB9} FAld] &S solubledt
eS| Cal B7F HAES S USdck m=3 AES CalBY
LHA 2RSS F5317] siMe fraa 229 gold 3 QP8
Aol Al 23+ DH5a”} Rosettagamiol BI3|| solubledt CalB<]
W oS A dFde] #EEHJAT F A2 pCold
plasmid®} pGro7 plasmid (groES/groEL) & &Zo] ke DH5a7}
CalB H@A 2w 71d #H s},

z Al

o] A7 20073PAE FojHdha SHeATAFH B A1)
AR AR EAEA] (10028375)9] AR I3
Hgom, ol gA=Rh

10.

11.

12.
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